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(54) Compact heating, ventilation and air conditioning system for automobiles 



(57) A heating, ventilation and air conditioning sys- 
tem (1 ) including a casing (2) with a vent outlet, a blower 
chamber (1 1 ) within the casing, a wall cooperating with 
the casing to form a descending air passage permitting 
a downward flow of air discharged from the blower 
chamber and an ascending air passage permitting an 
upward flow of air passing through the descending air 
passage toward the vent outlet. A heating heat-ex- 
changer (6) is substantially horizontally disposed within 
the ascending air passage and arranged adjacent to a 
recessed portion of the wall and at least partially over- 
lapping in the vertical direction with a cooling heat-ex- 
changer (5) disposed between the blower chamber and 
the heating heat-exchanger. A bypass air passage by- 
passing the heating heat-exchanger is substantially lin- 
early aligned with the vent outlet via the ascending air 
passage. A foot vent passage is disposed above the 
heating heat-exchanger and between the blower cham- 
ber and the ascending air passage. 



FIG.2A 
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Description 

BACKGROUND OF THE INVENTION 

[0001] This invention relates to an automobile heat- 
ing, ventilation and air conditioning (HVAC) system. 
[0002] There has been proposed an automobile heat- 
ing, ventilation and air conditioning system (HVAC sys- 
tem) including a casing, a scroll chamber defined within 
the casing and having a blower fan, and an air passage 
defined within the casing and permitting air discharged 
from the blower fan to flow therethrough. The air pas- 
sage includes a descending air passage through which 
the air from the blower fan flows downward, an ascend- 
ing air passage through which the air fed from the de- 
scending air passage flows upward, and a communica- 
tion air passage communicating the descending air pas- 
sage with the ascending air passage. A heat exchanger 
for cooling the air from the blower fan, which is herein- 
after referred to as a cooling heat-exchanger, is sub- 
stantially horizontally disposed within the descending air 
passage. Another heat exchanger for heating the air 
passing through the cooling heat-exchanger, which is 
hereinafter referred to as a heating heat-exchanger, is 
disposed within the ascending air passage. A bypass 
air passage bypassing the heating heat-exchanger is 
disposed within the ascending air passage. The heating 
heat-exchanger is juxtaposed to the cooling heat-ex- 
changer within the casing. Disposed within the commu- 
nication air passage is an air-mix door for controlling a 
proportion of the air entering into the heating heat-ex- 
changer, to the air entering into the bypass air passage. 
The casing has an inner wall defining the scroll chamber 
and the descending air passage. The inner wall is 
formed with a recessed portion disposed between the 
scroll chamber and the descending air passage. The re- 
cessed portion is recessed toward the descending air 
passage and exposed to the ascending air passage. A 
foot vent passage for permitting the airflow in a foot vent 
mode is disposed on the ascending air passage side of 
the recessed portion. A vent outlet and a defroster out- 
let, which are adapted to be open in vent and defroster 
modes, respectively, are disposed on an upper part of 
the ascending air passage. Such the HVAC system is 
disclosed in Japanese Patent Provisional Publication 
No. 8-282245. 

[0003] In general, the automobile compartment tends 
to be exposed to high temperature in summer, for in- 
stance, during parking under sun heating. Therefore, it 
is required to increase an amount of cool air in full cool 
state in the vent mode, in which the whole amount of 
cool air passing through the cooling heat-exchanger 
flows through the bypass air passage. If a high-power 
motor of the blower fan is used for fulfilling the require- 
ment, the HVAC system will be enlarged in size and the 
noise resulting from the increased amount of air dis- 
charged from the blower fan will become large. There is 
a demand for improving reduction of the noise in full cool 
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state in the vent mode. 

[0004] However, since in the above-described con- 
ventional technique, the bypass air passage of the as- 
cending air passage is greatly curved to bypass the 
5 heating heat-exchanger, the bypass air passage is not 
linearly aligned with the vent outlet. This will cause high 
ventilation resistance in the bypass air passage in full 
cool state in the vent mode and, therefore, will prevent 
a smooth flow of the cool air passing through the bypass 
10 air passage, resulting in reduction of the amount of cool 
air and increase in the noise in the vent mode. If the 
bypass air passage and the vent outlet are linearly 
aligned with each other so as to permit a generally 
straight flow of the cool air in order to eliminate the re- 
15 duction of the cool air amount and the increase in the 
noise, the upper part of the ascending air passage, 
which is disposed upward, namely downstream of the 
heating heat-exchanger and the bypass air passage jux- 
taposed to the heating heat-exchanger, will be required 
20 to largely increase in width. This will disturb the dimen- 
sional reduction of the casing and then that of the HVAC 
system as a whole. 

SUMMARY OF THE INVENTION 

25 

[0005] It is an object: of the present invention to pro- 
vide an automobile heating, ventilation and air condi- 
tioning (HVAC) system capable of increasing an amount 
of air in full cool state in the vent mode and reducing 
30 noise in the same state. 

[0006] According to one aspect of the present inven- 
tion, there is provided a heating, ventilation and air con- 
ditioning system for use in an automobile, comprising: 

35 a casing having a vent outlet; 

a blower chamber accommodating a blower fan dis- 
charging air, said blower chamber being disposed 
within the casing; 

a descending air passage communicated with the 
40 blower chamber to permit the air from the blower 
fan to flow downwardly therethrough; 
an inner wall cooperating with the casing to form the 
blower chamber and the descending air passage, 
said inner wall being formed with a recessed portion 
45 located near a boundary between the blower cham- 
ber and descending air passage; 
a cooling heat-exchanger adapted to cool the air 
passing therethrough to produce cool air; 
an ascending air passage communicated with the 
50 descending air passage and the vent outlet to per- 
mit the air passing through the descending air pas- 
sage to flow upwardly therethrough into the vent 
outlet; 

a heating heat-exchanger disposed within the as- 
55 cending air passage and adapted to heat the air 
passing therethrough to produce warm air, said 
cooling heat-exchanger being disposed between 
the blower chamber and the heating heat-exchang- 
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er; 

a bypass air passage juxtaposed to the heating 
heat-exchanger and communicated with the as- 
cending air passage to permit the cool air from the 
cooling heat-exchanger to bypass the heating heat- 
exchanger and flow into the ascending air passage; 
an air-mix door adapted to control a proportion of 
the warm air passing through the heating heat-ex- 
changer and the cool air passing through the by- 
pass air passage; and 

a foot vent passage communicated with the ascend- 
ing air passage; 

wherein the heating heat-exchanger is arranged 
substantially horizontally at the recessed portion of 
the inner wall and has one end portion adjacent to 
the recessed portion and an opposite end portion 
adjacent to the bypass air passage, 
wherein the bypass air passage and the vent outlet 
are substantially linearly aligned with each other via 
the ascending air passage, and 
wherein the foot vent passage is arranged above 
the heating heat-exchanger and between the blow- 
er chamber and the ascending air passage. 

[0007] According to a further aspect of the present in- 
vention, there is provided a heating, ventilation and air 
conditioning system for use in an automobile, compris- 
ing: 

a casing having a vent outlet; 
a blower chamber accommodating a blowerfan dis- 
charging air, said blower chamber being disposed 
within the casing; 

a first air passage substantially vertically extending 
within the casing and communicated with the blow- 
er chamber to permit the air from the blower fan to 
flow downwardly therethrough; 
a second air passage substantially vertically ex- 
tending within the casing and communicated with 
the first air passage to permit the air passing 
through the first air passage to flow upwardly there- 
through into the vent outlet; 

a cooling heat-exchanger adapted to cool the air 
passing therethrough to produce cool air; 
a heating heat-exchanger arranged substantially 
horizontally within the second air passage and in an 
at least partially overlapping relation to the cooling 
heat-exchanger in a vertical direction, said heating 
heat-exchanger being adapted to heat the air pass- 
ing therethrough to produce warm air, said cooling 
heat-exchanger being disposed between the blow- 
er chamber and the heating heat-exchanger; 
a wall cooperating with the casing to define the 
blower chamber, the first air passage, the second 
air passage and a recessed portion located near a 
boundary between the blower chamber and the first 
air passage and adjacent to the heating heat-ex- 
changer; 
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a bypass air passage arranged in substantially lin- 
ear alignment with the vent outlet via the second air 
passage in the vertical direction, said bypass air 
passage being juxtaposed to the heating heat-ex- 
changer in afore and aft direction of the automobile 
and communicated with the second air passage to 
permit the cool air from the cooling heat-exchanger 
to bypass the heating heat-exchanger and flow into 
the second air passage; and 
a foot vent passage arranged above the heating 
heat-exchanger and between the blower chamber 
and the second air passage, said foot vent passage 
being communicated with the second air passage. 



15 BRIEF DESCRIPTION OF THE DRAWINGS 



[0008] 

Fig. 1 is a perspective view of an automobile HVAC 
system of a first embodiment, according to the 
present invention; 

Fig. 2A is a schematic section of the system, taken 
along the direction X of Fig. 1 ; 
Fig. 2B is an explanatory diagram for illustrating ar- 
rangement of a heat exchanger for cooling; 
Fig. 3 is a schematic section of the system of a sec- 
ond embodiment; 

Fig. 4 is a schematic section of the system of a third 
embodiment; 

Fig. 5 is a perspective view of a heat exchanger for 
cooling, shown in Figs. 3 and 4; and 
Fig. 6 is a schematic section of the system of a 
fourth embodiment; 

Fig. 7 is a section of the system, taken along the 
line 7-7 shown in Fig. 6; and 
Fig. 8 is a perspective view of a heat exchanger for 
cooling, shown in Fig. 6. 

DETAILED DESCRIPTION OF THE INVENTION 

[0009] Referring now to Figs. 1 and 2A, an automobile 
heating, ventilation and air conditioning (HVAC) system 
of the first: embodiment, according to the present inven- 
tion, is generally indicated at 1. The HVAC system is 
installed in a space within a passenger compartment 
which is located behind an instrument panel. 
[0010] As illustrated in Fig. 1 , the HVAC system 1 in- 
cludes a casing 2 and a blower unit 3 accommodated in 
the casing 2. The blower unit 3 includes a blower motor 
3a shown in Fig. 1 and a centrifugal multiblade fan 3b 
shown in Fig. 2, driven by the motor 3a to discharge air. 
In this embodiment, a so-called scirocco fan is used as 
the centrifugal multiblade fan 3b. 
[0011] As illustrated in Fig. 2A, the casing 2 includes 
a front wall 2a located on the engine room side and a 
rear wall 2b located on the passenger compartment 
side, which are separably joined together using a suita- 
ble connecting member such as tightening screws. A 
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blower chamber 11 accommodating the centrifugal 
multiblade fan 3b is disposed within an upper-most part 
of the casing 2 which is defined by the front wall 2a. Dis- 
posed within the casing 2 is an air passage 4 that is com- 
municated with the blower chamber 11 to permit the air 
discharged by the multiblade fan 3b to pass there- 
through. The air passage 4 includes a descending air 
passage 1 2 permitting the air discharged from the multi- 
blade fan 3b to flow downward along the front wall 2a, 
an ascending air passage 13 permitting the air coming 
from the descending air passage 12 to flow upward 
along the rear wall 2b, and a communication air passage 
14 communicating the descending air passage 12 with 
the ascending air passage 13. The communication air 
passage 14 is formed along a bottom wall 2c disposed 
between the front wall 2a and the rear wall 2b. 
[001 2] A heat exchanger 5 for cooling the air passing 
therethrough to produce cool air, which is hereinafter re- 
ferred to as the cooling heat-exchanger, is disposed 
within the descending air passage 12. The cooling heat- 
exchanger 5 is located near the bottom wall 2c at the 
lower part of the casing 2, so that the cool air passing 
through the cooling heat-exchanger 5 enters into the 
communication air passage 14 and flows along the bot- 
tom wall 2c. Guide plates 7 are disposed within the com- 
munication air passage 14, acting for smoothly guiding 
the air passing through the cooling heat- exchanger 5 to 
the ascending air passage 13. The bottom wall 2c ex- 
tends, from each periphery of the front and rear walls 
2a and 2b slantly downwardly to a central portion thereof 
that forms a water-collecting part for collecting con- 
densed water produced by the cooling heat-exchanger 
5 is collected. The condensed water is discharged 
through a drain, not shown, formed in the central portion 
of the bottom wall 2c. 

[0013] The cooling heat-exchanger 5 is arranged in 
an inclined state in a fore and aft direction X of the au- 
tomobile in such a manner that a front end thereof ad- 
jacent to the front wall 2a of the casing 2 is positioned 
at a height or level lower than a rear end thereof op- 
posed to the rear wall 2b of the casing 2. More specifi- 
cally, when viewed in section taken along the direction 
X as shown in Fig. 2B, the cooling heat-exchanger 5 is 
inclined by a predetermined angle a relative to a hori- 
zontal plane H. Reference character Z denotes a hypo- 
thetical plane of the cooling heat-exchanger 5 which is 
inclined by the predetermined angle a for guiding the 
condensed water by gravity. In this embodiment, the wa- 
ter-guiding plane is formed by upper and lower surfaces 
of the cooling heat-exchanger 5. The predetermined an- 
gle a is preferably within a range of approximately 1 0-30 
degrees. If the predetermined angle a is smaller than 
1 0 degrees, it will become difficult to properly discharge 
the condensed water. If the predetermined angle a is 
larger than 30 degrees, a height or vertical dimension 
of the casing 2 will increase, resulting in enlargement of 
the casing 2. 

[0014] The cooling heat-exchanger 5 is illustrated in 



Fig. 5. However, the cooling heat-exchanger 5 is in- 
clined in the illustrated direction reverse to that shown 
in Figs. 2A and 2B, namely, the rear end of the cooling 
heat-exchanger 5 is located at a height lower than the 

5 front end. The cooling heat-exchanger 5 includes head- 
er pipes 5b extending in a lateral or width direction Y of 
the automobile which extends perpendicular to the di- 
rection X. An expansion valve 52 connected with a re- 
frigerant piping, not shown, is connected with the header 

10 pipes 5b via a connecting block 51 . Refrigerant passing 
through the refrigerant piping flows into the header pipes 
5b through the expansion valve 52 and the connecting 
block 51 . 

[0015] Referring back to Fig. 2A, a heat exchanger 6 

15 for heating the air passing therethrough to produce 
warm air, which is hereinafter referred to as the heating 
heat-exchanger, is disposed within the ascending air 
passage 13. The heating heat-exchanger 6 is arranged 
substantially parallel to the cooling heat-exchanger 5 

20 and in an at least partially overlapping relation thereto 
in the vertical direction. The heating heat-exchanger 6 
is arranged substantially horizontally at a recessed por- 
tion 2e of an inner wall 2d extending within the casing 2. 
[0016] The inner wail 2d is disposed between the front 

25 wall 2a and the rear wall 2b, cooperating with the front 
wall 2a to define the blower chamber 11 and the de- 
scending air passage 12. The inner wall 2d is bent to 
project toward the descending air passage 12 in the for- 
ward direction of the automobile so as to form the re- 

30 cessed portion 2e. The recessed portion 2e is located 
near a boundary between the blower chamber 11 and 
the descending air passage 12. The heating heat-ex- 
changer 6 has a front end portion disposed adjacent to 
the recessed portion 2e and a rear end portion disposed 

35 adjacent to a bypass air passage 1 5 explained later. The 
inner wall 2d also forms an inlet portion of a volute air 
passage within the blower chamber 11. The volute air 
passage gradually increases in sectional area toward 
an outlet thereof. At the inlet portion, the volute air pas- 

4a sage has a smallest sectional area and a smallest radial 
distance between the multiblade fan 3b and the re- 
cessed portion 2e of the inner wall 2d opposed to the 
multiblade fan 3b. 

[0017] The bypass air passage 15 is disposed be- 
45 tween the rear wall 2b of the casing 2 and the rear end 
portion of the heating heat-exchanger 6. The bypass air 
passage 15 is thus juxtaposed to the heating heat-ex- 
changer 6 in the fore and aft direction X of the automo- 
bile. The bypass air passage 15 is communicated with 
50 the ascending air passage 13 to permit the cool air 
cooled by the cooling heat-exchanger 5 to bypass the 
heating heat-exchanger 6 and flow into the ascending 
air passage 13. 

[0018] An air-mix door 21 is disposed within the by- 
55 pass passage 15. The air-mix door 21 is pivotally move- 
able between a cool air position and a warm air position 
to control a proportion of the warm air passing through 
the heating heat-exchanger 6 and the cool air passing 
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through the bypass air passage 1 5. At the cool air posi- 
tion as shown by the solid line in Fig 2A, the air-mix door 
21 allows the fluid communication between the cooling 
heat-exchanger 5 and the bypass air passage 15 and 
blocks the fluid communication between the cooling 
heat-exchanger 5 and the heating heat-exchanger 6. 
The cool air is thus introduced into the bypass air pas- 
sage 15 and flows into the ascending air passage 13. 
At the warm air position as shown by the phantom line 
in Fig. 2A, the air-mix door 21 allows the fluid commu- 
nication between the cooling heat-exchanger 5 and the 
heating heat-exchanger 6 and blocks the fluid commu- 
nication between the cooling heat-exchanger 5 and the 
bypass air passage 15. The cool air is thus introduced 
into the heating heat-exchanger 6 and heated thereby. 
[0019] A warm air passage 16 is disposed down- 
stream of the heating heat-exchanger 6 and communi- 
cated with the ascending air passage 13. The warm air 
passage 16 guides the warm air heated by the heating 
heat-exchanger 6 toward the bypass air passage 15 
side of the ascending air passage 1 3. The warm air pas- 
sage 16 is formed by the inner wall 2d and a partition 
wall 2f described later. 

[0020] A foot vent passage 1 8 is arranged above the 
heating heat-exchanger 6 and between the blower 
chamber 11 and the ascending air passage 13 in the 
fore and aft direction X of the automobile. The foot vent 
passage 18 extends in the width direction Y of the au- 
tomobile to be open into opposed side walls 2i of the 
casing 2, only one of which is shown in Fig. 1 . The foot 
vent passage 1 8 is communicated with the ascending 
air passage 13 to permit an air mixture of the cool air 
passing through the bypass air passage 15 and the 
warm air passing through the warm air passage 16, to 
flow thereinto via an air-mix chamber 1 7. The air-mix 
chamber 1 7 is disposed at a downstream portion of the 
ascending air passage 13, in which the cool air and the 
warm air are merged and mixed with each other to form 
the air mixture. 

[0021] The partition wall 2f extends within the casing 
2 and cooperates with the inner wall 2d to define the 
warm air passage 1 6 and the foot vent passage 1 8 and 
with the rear wall 2b of the casing 2 to define the as- 
cending air passage 1 3. The partition wall 2f is connect- 
ed with the inner wall 2d downstream of the heating 
heat-exchanger 6 and extends between the blower 
chamber 1 1 and the heating heat-exchanger 6 along the 
periphery of the blower chamber 11. The partition wal! 
2f thus separates the foot vent passage 1 8 from the as- 
cending air passage 13 and the warm air passage 16. 
[0022] The casing 2 includes a top wall 2h having a 
vent outlet 31 on the rear wall 2b side and a defroster 
outlet 32 on the front wall 2a side. The vent outlet 31 is 
communicated with the bypass air passage 15 through 
the ascending air passage 13. The vent outlet 31 and 
the bypass air passage 15 are substantially linearly 
aligned with each other via the ascending air passage 
1 3 in the vertical direction. A foot communication open- 



ing 33 is formed in an uppermost portion 2g of the par- 
tition wall 2f which is opposed to the defroster outlet 32. 
The foot vent passage 1 8 and the ascending air pas- 
sage 1 3 are communicated with each other through the 

5 foot communication opening 33. 

[0023] A vent door 22 is moveabfy disposed at the 
vent outlet 31 so as to open and close the vent outlet 
31 . The vent door 22 is pivotally moveable between an 
open position in which a fluid communication between 

10 the ascending air passage 1 3 and the vent outlet 31 is 
allowed and a fluid communication between the ascend- 
ing air passage 13 and the defroster outlet 32 and the 
foot communication opening 33 is prevented, and a 
closed position in which the fluid communication be- 

15 tween the ascending air passage 1 3 and the vent outlet 

31 is prevented and the fluid communication between 
the ascending air passage 13 and the defroster outlet 

32 and the foot communication opening 33 is allowed. 
The vent door 22 is operatively controlled so as to take 

20 the open position in a vent mode of the HVAC system 1 
and an intermediate or half-open position between the 
open and closed positions in a bi-level mode thereof. 
[0024] A mode door 23 is moveably disposed be- 
tween the defroster outlet 32 and the foot communica- 

25 tion opening 33. The mode door 23 is pivotally moveable 
between a defroster open position in which the defroster 
outlet 32 is open and the foot communication opening 

33 is closed, and a foot open position in which the de- 
froster outlet 32 is closed and the foot communication 

30 opening 33 is open. The mode door 23 is operatively 
controlled so as to take the defroster open position in a 
defroster mode of the HVAC system 1 , the foot open, 
position in a foot vent mode and the bi-level mode there- 
of, and a middle position between the defroster open 

35 position and the foot open position in a defroster-foot 
vent mode thereof. The mode door 23 thus acts as a 
foot door for opening the foot communication opening 
33 in the foot vent mode and the bi-level mode. 
[0025] As explained above, with the substantially lin- 

40 ear alignment of the vent outlet 31 and the bypass air 
passage 1 5 via the ascending air passage 1 3, the whole 
amount of cool air passing through the cooling heat-ex- 
changer 5 can flow through the bypass passage 1 5 with 
less ventilation resistance than that in the conventional 

45 HVAC system in the full cool state. The HVAC system 1 
of the invention can increase an amount of cool air and 
reduce the generation of noise in the full cool state in 
the vent mode. 

[0026] Further, the arrangement of the heating heat- 
50 exchanger 6 at the recessed portion 2e of the inner wall 
2d of the casing 2 can contribute to reduction of the di- 
mension of the casing 2 in the fore and aft direction X 
of the automobile. Furthermore, the arrangement of the 
foot vent passage 1 8 above the heating heat-exchanger 
55 6 and between the blower chamber 1 1 and the ascend- 
ing air passage 13 can serve for reducing the width of 
the ascending air passage 13 located upward the heat- 
ing heat-exchanger 6, namely, immediately down- 
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stream of the heating heat-exchanger 6, and assuring 
an adequate section of the bypass air passage 15, to 
reduce the size of the casing 2. The arrangement also 
can contribute to the linear alignment of the vent outlet 
31 and the bypass air passage 1 5 via the ascending air 
passage 13. Therefore, the HVAC system 1 of the in- 
vention can achieve not only the compact casing 2 but 
also the increase in air amount and the suppression of 
noise in the full cool state in the vent mode. 
[0027] In addition, with the arrangement of the cooling 
heat-exchanger 5 inclined toward the bottom of the cas- 
ing 2, the condensed water can be allowed to flow along 
the water-guiding surface of the inclined cooling heat- 
exchanger 5, whereby the HVAC system 1 can be im- 
proved in the condensed water drain property. The ar- 
rangement of the inclined cooling heat-exchanger 5 also 
can serve for restraining the height or vertical dimension 
of the casing 2. 

[0028] Further, the arrangement of the heating heat- 
exchanger 6 disposed substantially horizontally and 
substantially parallel to the cooling heat-exchanger 5 
can contribute to the reduction of the height of casing 2. 
This can facilitate installation of the HVAC system 1 into 
a compact automobile having a relatively small interior 
space, namely, a relatively small height for accommo- 
dating the HVAC system. 

[0029] Further, in the bi-level mode, the air mixture is 
formed in the air-mix chamber 17 by admixing the cool 
air passing through the bypass air passage 15 with the 
warm air passing through the heating heat-exchanger 
6. The air mixture contains a relatively low temperature 
air flowing along the rear wall 2b of the casing 2 and a 
relatively high temperature air flowing along the partition 
wall 2f thereof. The relatively low temperature air flows 
outside the casing 2 through the vent outlet 31 . The rel- 
atively high temperature air flows into the foot vent pas- 
sage 18 through the foot communication opening 33. 
Thus, in the bi-level mode, the relatively low tempera- 
ture air is directed toward a torso or upper body part of 
the passenger and the relatively high temperature air is 
directed toward feet of the passenger. As a result, the 
air flow directed toward the passenger can be suitably 
tempered and conditioned in the bi-level mode so as to 
cool the head of the passenger and warm the feet there- 
of. 

[0030] Furthermore, since the foot communication 
opening 33 is disposed at the uppermost portion 2g of 
the partition wall 2f , the air passage that extends through 
the air-mix chamber 17 and terminates at the foot com- 
munication opening 33, can have a relatively large 
length even if the casing 2 has a relatively small height. 
This can assure good mixing property of the air mixture 
of the cool air and the warm air which enter into the foot 
vent passage 18 in the bi-level mode. Accordingly, the 
good mixing property of the air mixture entering into the 
foot vent passage 18 in the bi-level mode can be 
achieved as well as the compact casing 2. 
[0031] Referring to Fig. 3, the HVAC system 1 00 of a 
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second embodiment, according to the invention will be 
explained hereinafter, which is similar to the first embod- 
iment except the arrangement of the cooling heat-ex- 
changer 5. Like reference numerals denote like parts 
s and therefore detailed explanations therefor are omit- 
ted. 

[0032] As illustrated in Fig. 3, the cooling heat-ex- 
changer 5 is located on the ascending air passage 13 
side of the communication air passage 14 and below the 
10 heating heat-exchanger 6. The cooling heat-exchanger 

5 is inclined in such a manner that the rear end of the 
cooling heat-exchanger 5 is positioned at a level or 
height lower than the front end thereof. The inclination 
angle a of the cooling heat-exchanger 5 relative to the 

*5 horizontal plane H is approximately 1 0-30 degrees. The 
rear end of the cooling heat-exchanger 5 is disposed 
close to the bottom wall 2c of the casing 2. A distance 
between the bottom wall 2c and an air flow-in surface 
5a on which the cooling heat-exchanger 5 receives the 

20 air, becomes gradually short from the front wall 2a side 
toward the rear wall 2b side. This can permit the air flow- 
ing along the bottom wall 2c to be delivered to the air 
flow-in surface 5a of the cooling heat-exchanger 5 and 
then pass through the cooling heat-exchanger 5. There- 

25 fore, the cooling efficiency of the cooling heat-exchang- 
er 5 can be improved. 

[0033] Referring to Fig. 4, the HVAC system 200 of a 
third embodiment, according to the invention will be ex- 
plained hereinafter. The HVAC system 200 differs from 
30 the HVAC system 1 00 of the second embodiment in the 
structure of the air-mix door 21 . 

[0034] As illustrated in Fig. 4, the air-mix door 21 of a 
slide type is used in this embodiment. The air-mix door 
21 has a rack, not shown, meshed with a pinion gear 

35 41. The air-mix door 21 is slidably moved by the meshed 
engagement of the rack and the pinion gear 41 , between 
a cool air position and a warm air position. When the air- 
mix door 21 is placed at the cool air position as shown 
in Fig. 4, the fluid communication between the cooling 

^0 heat-exchanger 5 and the bypass air passage 1 5 is es- 
tablished but the fluid communication between the cool- 
ing heat-exchanger 5 and the heating heat-exchanger 

6 is blocked. When the air-mix door 21 is placed at the 
warm air position, the fluid communication between the 

45 cooling heat-exchanger 5 and the heating heat-ex- 
changer 6 is established but the fluid communication be- 
tween the cooling heat-exchanger 5 and the bypass air 
passage 15 is blocked. The slide-type air-mix door 21 
and the pinion gear 41 are mounted to a housing 42. 

50 The housing 42 is formed with an opening, not shown, 
through which the cool air passing through the cooling 
heat-exchanger 5 flows into the housing 42. Similar to 
the second embodiment, the third embodiment has the 
arrangement in which the distance between the bottom 

55 wall 2c of the casing 2 and the air flow-in surface 5a of 
the cooling heat-exchanger 5 gradually becomes short- 
er from the front wall 2a side toward the rear wall 2b 
side. This can increase the high cooling efficiency as 
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explained above in the second embodiment. 
[0035] Fig. 5 illustrates the cooling heat-exchanger 5 
used in the second and third embodiments shown in 
Figs. 3 and 4, respectively. The cooling heat-exchanger 
5 in the second and third embodiments is inclined in the 5 
direction X such that the height of the rear end thereof 
is lower than that of the front end thereof. 
[0036] Referring to Figs. 6-8, the HVAC system 300 
of a fourth embodiment, according to the invention, will 
be described hereinafter, which is similar to the first to 10 
third embodiments except the arrangement of the cool- 
ing heat-exchanger 5 and the blower unit 3. Like refer- 
ence numerals denote like parts and therefore detailed 
descriptions therefor are omitted. 

[0037] As seen from Figs. 6-8, the cooling heat-ex- is 
changer 5 of the HVAC system 300 is inclined in the 
width direction Y of the automobile such that the header 
pipes 5b of the cooling heat-exchanger 5 extend in the 
fore and aft direction X of the automobile. The header 
pipes 5b extend in the direction X in a parallel relation 20 
to the refrigerant piping, not shown. The expansion 
valve 52 is connected with the header pipes 5b through 
a connecting portion 5d provided on a front end surface 
5c of the cooling heat-exchanger 5 which is disposed 
on the engine room side. The expansion valve 52 is thus 25 
directly connected with the cooling heat-exchanger 5 
without using the connecting block 51 shown in Fig. 5. 
This can serve for reducing the number of components 
and for facilitating the assembly work of connecting the 
expansion valve 52 with the cooling heat-exchanger 5, 30 
and therefore for saving the production cost. 
[0038] As illustrated in Fig. 7, the cooling heat-ex- 
changer5 is arranged in an inclined state in the direction 
Y within the casing 2 such that one, left, side of the cool- 
ing heat-exchanger 5 is located at a height or level lower 35 
than an opposite, right, side thereof. The predetermined 
angle a of inclination of the cooling heat-exchanger 5 
relative to the horizontal plane H is preferably within a 
range of approximately 1 5-30 degrees. Also, the blower 
unit 3 is mounted to the casing 2 in substantially the 40 
same inclined state as that of the cooling heat-exchang- 
er 5 in the direction Y. A rotation axis R of the blower 
unit 3 is inclined by a predetermined angle p relative to 
the horizontal plane H which is substantially equal to the 
predetermined angle a of the cooling heat-exchanger 5. 45 
Thus, the inclination direction of the blower unit 3 is sub- 
stantially the same as that of the cooling heat-exchanger 
5. With this arrangement, the air from the multiblade fan 
3b of the blower unit 3 is allowed to flow toward the air 
flow-in surface 5a of the cooling heat-exchanger 5 in a so 
direction substantially perpendicular thereto. This can 
reduce the ventilation resistance occurring when the air 
passes through the cooling heat-exchanger 5, as com- 
pared with the first to third embodiments. Therefore, an 
amount of air delivered to the automobile compartment 55 
can be increased without enlarging the blower motor 3a 
of the blower unit 3 and noise generation can be sup- 
pressed. The arrangement in this embodiment can also 



contribute to reduction of a size of the blower motor 3a. 
[0039] Further, as illustrated in Fig. 7, the blower unit 
3 is arranged in an offset relation to the cooling heat- 
exchanger 5 in the direction Y in such a manner that the 
air from the multiblade fan 3b is mainly directed toward 
the right side portion of the cooling heat-exchanger 5 
which is located upper than the left side portion thereof. 
Furthermore, the bottom wall 2c of the casing 2 is in- 
clined downwardly toward the water-collecting central 
portion in the direction X as shown in Fig. 6, and inclined 
downwardly along the cooling heat-exchanger 5 in the 
direction Y and extends from the right side wall 2i to the 
left side wall 2i as shown in Fig. 7. A drain 35 is formed 
in a lower-middle portion of the left side wall 2i, through 
which the condensed water generated at the cooling 
heat-exchanger 5 is discharged into a drain pipe 36. 
With the arrangement, the air passing through the up- 
per-leveled right side portion of the cooling heat-ex- 
changer 5 is cooled and dehumidified so that the con- 
densed water generated at the cooling heat-exchanger 
5 is forced by the air to be dropped on the bottom wall 
2c or permitted to flow along the lower surface of the 
cooling heat-exchanger 5 and drip on the bottom wall 
2c. The water dropped from the cooling heat-exchanger 
5 flows downwardly along the bottom wall 2c and enter 
into the drain 35 of the side wall 2i and then discharged 
from the casing 2 through the drain pipe 36. This can 
enhance the water drain property of the HVAC system 
300. 

[0040] In addition, the air-mix door 21 of the slide type 
can be used in the first, second and fourth embodiments 
as well as the third embodiment 

[0041] Although the invention has been described 
above by reference to certain embodiments of the in- 
vention, the invention is not limited to the embodiments 
described above. Modifications and variations of the 
embodiments described above will occur to those skilled 
in the art, in light of the above teachings. The scope of 
the invention is defined with reference to the following 
claims. 



Claims 

1. A heating, ventilation and air conditioning system 
for use in an automobile, comprising: 

a casing having a vent outlet; 
a blower chamber accommodating a blower fan 
discharging air, said blower chamber being dis- 
posed within the casing; 
a descending air passage communicated with 
the blower chamber to permit the air from the 
blower fan to flow downwardly therethrough; 
an inner wall cooperating with the casing to 
form the blower chamber and the descending 
air passage, said inner wall being formed with 
a recessed portion located near a boundary be- 
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tween the blower chamber and descending air 
passage; 

a cooling heat-exchanger adapted to cool the 
air passing therethrough to produce cool air; 
an ascending air passage communicated with 5 
the descending air passage and the vent outlet 
to permit the air passing through the descend- 
ing air passage to flow upwardly therethrough 
into the vent outlet; 

a heating heat-exchanger disposed within the 10 
ascending air passage and adapted to heat the 
air passing therethrough to produce warm air, 
said cooling heat-exchanger being disposed 
between the blower chamber and the heating 
heat-exchanger; 15 
a bypass air passage juxtaposed to the heating 
heat-exchanger and communicated with the 
ascending air passage to permit the cool air 
from the cooling heat-exchanger to bypass the 
heating heat-exchanger and flow into the as- 20 
cending air passage; 

an air-mix door adapted to control a proportion 
of the warm air passing through the heating 
heat-exchanger and the cool air passing 
through the bypass air passage; and 25 
a foot vent passage communicated with the as- 
cending air passage; 

wherein the heating heat-exchanger is ar- 
ranged substantially horizontally at the re- 
cessed portion of the inner wall and has one 30 
end portion adjacent to the recessed portion 
and an opposite end portion adjacent to the by- 
pass air passage, 

wherein the bypass air passage and the vent 
outlet are substantially linearly aligned with 35 
each other via the ascending air passage, and 
wherein the foot vent passage is arranged 
above the heating heat-exchanger and be- 
tween the blower chamber and the ascending 
air passage. 40 



2. The system as claimed in claim 1 , wherein the cool- 
ing heat-exchanger is inclined by a predetermined 
angle relative to a horizontal plane. 

45 

3. The system as claimed in claim 2, wherein the cool- 
ing heat-exchanger is inclined in a fore and aft di- 
rection of the automobile. 

4. The system as claimed in claim 2, wherein the cool- so 
ing heat-exchanger is inclined in a width direction 

of the automobile perpendicular to a fore and aft di- 
rection thereof. 

5. The system as claimed in claim 1 , further compris- 55 
ing a partition wall separating the foot vent passage 
from the ascending air passage, said partition wall 
comprising an uppermost portion formed with a foot 
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communication opening through which the foot vent 
passage is communicated with the ascending air 
passage. 

6. The system as claimed in claim 5, further compris- 
ing a warm air passage disposed downstream of the 
heating heat-exchanger and communicated with 
the ascending air passage, said warm air passage 
guiding the air passing through the heating heat-ex- 
changer toward the bypass air passage side of the 
ascending air passage. 

7. The system as claimed in claim 6, wherein the warm 
air passage is formed by the inner wall and the par- 
tition wall. 

8. The system as claimed in claim 5, further compris- 
ing a mode door disposed within the foot communi- 
cation opening, said mode door being moveable to 
open and close the foot communication opening. 

9. The system as claimed in claim 1 , further compris- 
ing a vent door disposed within the vent outlet, said 
vent door being moveable to open and close the 
vent outlet. 

10. The system as claimed in claim 4, wherein the blow- 
er fan is arranged in substantially the same inclined 
as that of the cooling heat-exchanger. 

11. A heating, ventilation and air conditioning system 
for use in an automobile, comprising: 

a casing having a vent outlet;, 
a blower chamber accommodating a blower fan 
discharging air, said blower chamber being dis- 
posed within the casing; 
a first air passage substantially vertically ex- 
tending within the casing and communicated 
with the blower chamber to permit the air from 
the blower fan to flow downwardly there- 
through; 

a second air passage substantially vertically 
extending within the casing and communicated 
with the first air passage to permit the air pass- 
ing through the first air passage to flow upward- 
ly therethrough into the vent outlet; 
a cooling heat-exchanger adapted to cool the 
air passing therethrough to produce cool air; 
a heating heat-exchanger arranged substan- 
tially horizontally within the second air passage 
and in an at least partially overlapping relation 
to the cooling heat-exchanger in a vertical di- 
rection, said heating heat-exchanger being 
adapted to heat the air passing therethrough to 
produce warm air, said cooling heat-exchanger 
being disposed between the blower chamber 
and the heating heat-exchanger; 
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a wall cooperating with the casing to define the 
blower chamber, the first air passage, the sec- 
ond air passage and a recessed portion located 
near a boundary between the blower chamber 
and the first air passage and adjacent to the 5 
heating heat-exchanger; 
a bypass air passage arranged in substantially 
linear alignment with the vent outlet via the sec- 
ond air passage in the vertical direction, said 
bypass air passage being juxtaposed to the 10 
heating heat-exchanger in a fore and aft direc- 
tion of the automobile and communicated with 
the second air passage to permit the cool air 
from the cooling heat-exchanger to bypass the 
heating heat-exchanger and flow into the sec- 15 
ond air passage; and 

a foot vent passage arranged above the heat- 
ing heat-exchanger and between the blower 
chamber and the second air passage, said foot 
vent passage being communicated with the 20 
second air passage. 

1 2. The system as claimed in claim 1 1 , wherein the wail 
comprises an inner wail bent near the boundary be- 
tween the blower chamber and the first air passage 25 
to form the recessed portion, said recessed portion 
being disposed adjacent to one end portion of the 
heating heat-exchanger, an opposite end portion of 
which is disposed adjacent to the bypass air pas- 
sage. 30 



second air passage, said warm air passage being 
formed by the inner wall and the partition wall. 

1 8. The system as claimed in claim 1 1 , further compris- 
ing an air-mix door adapted to control a proportion 
of the air passing through the heating heat-ex- 
changer and the air passing through the bypass air 
passage. 

19. The system as claimed in claim 16, further compris- 
ing a mode door disposed within the foot communi- 
cation opening, said mode door being moveable to 
open and close the foot communication opening. 

20. The system as claimed in claim 1 1 , further compris- 
ing a vent door disposed within the vent outlet, said 
vent door being moveable to open and close the 
vent outlet. 

21. The system as claimed in claim 15, wherein the 
blower fan is arranged in substantially the same in- 
clined state as that of the cooling heat-exchanger. 



13. The system as claimed in claim 11, wherein the 
cooling heat-exchanger is inclined by a predeter- 
mined angle relative to a horizontal plane. 

14. The system as claimed in claim 13, wherein the 
cooling heat-exchanger is inclined by a predeter- 
mined angle relative to a horizontal plane in the fore 
and aft direction of the automobile. 

15. The system as claimed in claim 13, wherein the 
cooling heat-exchanger is inclined in a width direc- 
tion of the automobile perpendicular to the fore and 
aft direction thereof. 

16. The system as claimed in claim 11 , wherein the wall 
comprises a partition wall separating the foot vent 
passage from the second air passage, said partition 
wall comprising an uppermost portion formed with 
a foot communication opening communicating the 
foot vent passage with the second air passage. 



35 



40 



45 



50 



17. The system as claimed in claim 1 6, further compris- 
ing a warm air passage disposed downstream of the 
heating heat-exchanger and communicated with 
the second air passage, said warm air passage 
guiding the air passing through the heating heat-ex- 
changer toward the bypass air passage side of the 
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(57) A heating, ventilation and air conditioning sys- 
tem (1 ) including a casing (2) with a vent outlet, a blower 
chamber (1 1 ) within the casing, a wall cooperating with 
the casing to form a descending air passage permitting 
a downward flow of air discharged from the blower 
chamber and an ascending air passage permitting an 
upward flow of air passing through the descending air 
passage toward the vent outlet. A heating heat-ex- 
changer (6) is substantially horizontally disposed within 
the ascending air passage and arranged adjacent to a 
recessed portion of the wall and at least partially over- 
lapping in the vertical direction with a cooling heat-ex- 
changer (5) disposed between the blower chamber and 
the heating heat-exchanger A bypass air passage by- 
passing the heating heat-exchanger is substantially lin- 
early aligned with the vent outlet via the ascending air 
passage. A foot vent passage is disposed above the 
heating heat-exchanger and between the blower cham- 
ber and the ascending air passage. 
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